Teacher preparation for elementary education often separates pedagogical approaches by content. This study examines an integrative pedagogical approach in the areas of Science, Technology, Engineering, and Math (STEM) with elementary education majors. The preservice teachers were provided experiences to learn about pedagogical approaches for STEM integration and to design and implement interdisciplinary units with robotics in classroom settings as a part of a combined math and science pedagogy course. A modified version of the Science Teaching Efficacy Beliefs Instrument (STEBI-B) survey was used as a pre-and postassessment to determine if changes occurred in the preservice teacher's self-efficacy and outcome expectancy with elementary students as a result of this approach. Findings between pre-and post-assessments show increased means for both subscales: Personal STEM Teaching Efficacy (PSTE) and STEM Teaching Outcome Expectancy (STOE). Qualitative responses also indicate the beliefs and outcomes in STEM teaching were positively impacted. These findings indicate that a combined science-mathematics pedagogical approach that includes the development of units and teaching the units in authentic classrooms leads to more confidence in STEM teaching. The approach utilized in this study may serve as a model for other teacher preparation programs.
Introduction
Educational reform in the area of Science, Technology, Engineering, and Math (STEM) in K-12 schools is the focus of many initiatives in the United States. With the increasing number of STEM jobs available, an emphasis has been placed on STEM education in K-12 to provide a foundation of knowledge and skills to address this shortage. The President's Council of Advisors on Science and Technology (PCAST) has called for 100,000 newly prepared STEM teachers by the year 2020. The need exists to prepare effective STEM teachers [1] , [2] . Recognizing the complexity of STEM education, integrated STEM education was conceptualized as the intentional blendings of science, technology, engineering, and mathematics to deepen elementary student understanding of each discipline [3] . For the purpose of this study, this blending of content within specific units and lessons will be considered interdisciplinary.
Enhancing the quality and quantity of K-12 STEM education requires providing professional development opportunities for in-service teachers. Positive shifts in perceptions and conceptions of STEM education and motivations for teaching STEM were reported after inservice teachers participated in professional development. The notable shift was associated with the collaborative process and structured planning time during professional development [4] , [5] . Results of similar studies with secondary teachers indicated an emphasis on collaboration and teamwork to make integrated instruction more efficient and less difficult [6] . However, enhancing current teacher preparation programs with a STEM emphasis for pre-service teachers is also required [7] . Exposed to approaches that integrate STEM, preservice teachers were able to effectively develop connections and pedagogical approaches for STEM integration [8] . Therefore, it is necessary to provide opportunities for pre-service teachers to design and integrate interdisciplinary STEM units during teacher preparation to increase exposure to effective STEM pedagogical practices in elementary schools. [10] , [11] , [12] , [13] . Researchers have demonstrated that elementary teachers with low science efficacy tend to avoid science instruction, teach it sporadically, or give it inadequate time [14] [15] . Lack of teacher comfort can also have a negative impact on the learning and perceptions of STEM in elementary students [16] . Due to the lack of confidence, many in-service and pre-service teachers lack role models in STEM because STEM lessons were not a part of classroom experiences when they were in school and they do not exist in many current classrooms today [17] .
Pedagogical preparation and content knowledge are also linked to efficacy. Researchers suggest high-quality science coursework has the potential to shape pre-service teachers' science self-efficacy beliefs [18] . One would expect an effective teacher to have well-structured pedagogical and content knowledge and consequently, a higher sense of teaching efficacy. Elementary teachers often are less confident in the content areas in science and math and reluctant to teach it. Coburn and Loving [19] surveyed elementary teachers and found that although over three fourths (76%) of respondents claimed competence to teach reading/language arts, fewer than one third (28%) felt the same about science.
As a result, STEM education is weaker in elementary schools despite the long term impact on elementary students' career interests [20] , [21] , [22] . Dejarnette [23] identifies elementary grades as a key target to foster curiosity in STEM subject areas, allowing for continued interest and learning among elementary students. Therefore, increasing confidence in elementary teachers to teach STEM is important in developing tomorrow's workforce.
Teacher Preparation
Many schools and curriculums emphasize the importance of STEM, yet the preparation of elementary pre-service teachers does not always include required courses to prepare them to teach it. In many teacher preparation programs, teaching methods courses typically include science, math, social studies, and literacy with either a stand-alone technology course or technology embedded throughout the coursework. Pedagogical approaches to design and integrate interdisciplinary units or to integrate technology are challenging. In addition to method courses, content courses taken by elementary preservice teachers are limited to one or two courses in the content areas of science and math, giving pre-service teachers a limited background in content preparation.
In field placements at schools, pre-service teachers do not always witness interdisciplinary teaching or technology integration because in-service teachers are often limited to content they teach due to mandatory standardized tests the students will be taking. Challenges also exists that when pre-service teachers are placed in the field for practicum or their final student teaching experience, choice in the content is not often determined by the pre-service teachers, and development of interdisciplinary lessons or units are not emphasized.
In order to keep up with current trends, teacher preparation programs should be preparing teacher candidates to be able to adopt this changing context of STEM education and teach STEM through integrated approaches [24] , [25] . Innovative approaches to increase STEM integration have been developed for some teacher preparation programs including course development with co-taught courses across different disciplines, for example, biology faculty teaching with education faculty. Positive results in confidence and content knowledge in the STEM disciplines were indicated, but this approach did not include a teaching experience [26] . Other program's efforts have been made to provide pre-service elementary teachers with content learning experiences that integrate STEM disciplines [27] , [28] . In teacher preparation programs, participation in semester-long activities has been shown to equip pre-service teachers with creative methods of teaching K-12 engineering at the elementary level [29] . Teacher educators of these programs argued that this learning experience would help pre-service teachers learn STEM content and prepare them to teach STEM in an integrated manner. Long term impacts of teacher preparation programs have had mixed results despite their strong beliefs about STEM integration, pre-service teachers reported an increased feeling of difficulty in implementing STEM integration units after completion of a teacher preparation program [30] .
Technology and Robotics
Integrating STEM in methods courses with preservice teachers can begin to build the skills necessary to teach it. Blending robotics within STEM lessons provides additional skills of problem-solving, critical thinking, collaboration, and technology integration which are all essential for STEM careers. Technology has been found as the most difficult aspect of STEM to ingrate [31] . Robotics in education can combine all STEM disciplines to motivate elementary students in the classroom because of the unique problem-solving and immediate feedback. Many studies have explored the use of robotics for engineering integration [32] . Robotics can be one of the most successful programs that take place in school curriculums to support elementary students' academic demands in STEM [33] , [34] , [35] . Robotics in after-school programs and clubs has become widely used; however, classroom integration initiatives have only recently begun due to the expanse selection and lower cost of the robotic devices [36] , [37] . When considering using any technology or robotics, technology should not be an "add-on" but embedded within existing content. While most teachers believe that technology will benefit all students, many of today's educators fail to integrate technology into their curriculum or integrate it in a meaningful way. Teacher training on the effective use of robotics instruction is needed. Integrating technology into methods and content courses to foster technology skills connected to use in PK-12 instruction has been valued as a critical component in the development of teacher candidates [38] , [39] , [40] . The technology, pedagogy, and content knowledge framework (TPACK) is an established framework for infusing technology in teacher preparation programs. Workshops have been shown to increase the teacher's confidence in the knowledge of robotic programming and their efficacy in STEM teaching [41] . Integrating technology and robotics is difficult for in-service teachers. In a previous literature review, Kim et al. [42] found it difficult to find studies involving pre-service teachers' training to use educational robots to integrate STEM. They conducted some beginning work in this area and found improved attitudes toward STEM and engagements using robotic, yet the pre-service teachers were not required to design a lesson that would specifically focus on STEM content.
Purpose of the Study
The purpose of this study was to address the need to prepare pre-service teachers with the pedagogical and content knowledge to teach interdisciplinary STEM. To address this well-established need, a combined pedagogy course and practicum experience that included the integration of robotic devices based on the grade level was created. This combined structure was required for all elementary education majors. Pre-service teachers were dual enrolled in the math and science pedagogy courses, but the instruction was delivered in a co-taught model. This model did not impact credit load or add additional courses to the current elementary education major. Assignments and content topics throughout the course were delivered not to focus on one content, but to provide the connections between the content of science, math, engineering, and technology. During the course, the pre-service teachers developed an interdisciplinary math and science unit that integrated computer science and robotics (technology) using state content area standards. The robotic tool used varied by grade. This unit was then taught by the pre-service students in an elementary classroom in a two-week continuous experience. Preservice teachers taught in teams of two or three to allow for a more collaborative method of planning and teaching, with each taking the lead role in teaching multiple lessons throughout the two weeks. Multiple classrooms at one grade level allowed for even greater collaboration between the pre-service teachers in the course. The instructors were on-site each day for the preservice teachers to obtain support by providing feedback on lesson design and integration. The research question guiding this study is: How do pre-service elementary teachers' perceptions of their effectiveness for teaching STEM change during a combined pedagogy course?
Methods

Participants
A total of 46 undergraduate pre-service teacher candidates were invited to participate in the study over two semesters of one academic year. All 46 pre-service teacher candidates enrolled in the two courses voluntarily participated. The pre-service teachers were dual enrolled in the math and science pedagogy courses, but the instructors co-taught the course throughout the 16 week semester. This allowed for the pre-service teachers and instructors to meet daily and to teach two consecutive weeks in a practicum classroom setting. The pre-service teachers participated in STEM activities during the course similar to ones they would later teach. As the preservice teachers participated in the activities, they also explored research on STEM education as they designed and developed interdisciplinary lessons integrating state math and science standards, engineering, and technology with robotics for grades first through fifth. All units developed included technology integration utilizing robotic devices. The pre-service candidates participated in a modified version of the Science Teaching Efficacy Beliefs Instrument (STEBI-B) survey during the semester and completed journal responses during classroom activities and after the teaching placement.
Design of Study
A mixed-methods approach to gather quantitative and qualitative data was used for this study. A mixed method approach can provide a more comprehensive picture of the data compared to a single design [43] . Quantitative measures were collected from a pre-and post-survey completed by the participants. Qualitative data was collected in the form of journal responses after preservice teachers participated in activities and teaching.
Instruments
The STEBI-B [44] modified by Bleicher [45] was used for the study. This instrument measures both of Bandura's constructs of efficacy: self-efficacy or individuals' "judgments of their capabilities to organize and execute courses of action required to attain designated types of performances" and outcome expectancy or individuals' judgments or beliefs regarding the contingency between a person's behavior and the anticipated outcome" [46] . To reflect a more general focus on STEM, items were rewritten to read "STEM" instead of "Science" in the survey. This modification was found to be reliable [47] [48] . The survey consisted of 23 items on a five-point Likert scale with two subsets scales: The Personal STEM Teaching Efficacy (PSTE) and the STEM Teaching Outcome Expectancy (STOE) scales, which measures pre-service teachers beliefs about teaching STEM and elementary student outcomes as a result of STEM teaching. The instrument uses forward and reversed phrased items. Scores on the PSTE (13 items) can vary between 13 and 65, and scores on the STOE (10 items) can range from 10 to 50. The STEBI-B was administered electronically. Pre-service teachers were given a unique code for participation in the study and to compare pre-and postdata. The qualitative data was also collected electronically. A unique code was also used for the journal and for comparison of quantitative and qualitative data. Reflections to journal questions were administered after the completion of the teaching experience. The journal questions included:
1. What past experience did you have with this type of planning? 2. What did the process look like designing the lessons? 3. What strategies did you use to influence your lessons? 4. What did you discover throughout the practicum? 5. Identify any new knowledge you will take from this practicum. 6. What influence do you perceive this having in your future classroom?
Data Analysis
A paired-samples t-test was conducted to compare pre-and post-survey data of participants self-efficacy and outcome expectancy, as measured by the STEBI-B. The journal entries were analyzed for themes for each of the six questions. Results of the journal responses were then compared to the quantitative data to identify trends that reflect changes in beliefs and outcomes in STEM teaching.
Results
Quantitative
A paired t-test was used to compare the pre-and post-STEBI-B survey. Analysis revealed significant increases between the means for both subscales, STOE and PSTE comparing the pre-and post-survey data. There was a significant difference in the mean score of pre-service STOE from pre-survey (M=35.9, SD= 4.5) to post-survey (M=37.9, SD=4.6); t(44)=-2.41, (p =.020). The PSTE mean scores, were also significantly different for pre-survey (M=41.9, SD=6.5) and post-survey (M=51.6, SD=5.2); t(44)=-9.9, (p=.000). The results suggest that pre-service teachers who participate in STEM-related activities and teaching increased their personal beliefs in STEM teaching and outcome expectancy of teaching STEM. 46 41.9 (6.5) 51.6 (5.1) -9.9 .000
Qualitative Data
After the completion of the teaching experience, researchers analyzed the journal entries to compare with the quantitative data. The final journal questions and summary of responses are presented for each question. Question 1: What past experience did you have with this type of planning?
The majority of the pre-service teachers responded with having little to no experience at all with coding or robotics and writing integrated lessons with both science and math standards. Many commented that they had experience in writing lesson plans from other pedagogy courses but not in writing an entire unit. Others commented that this was the first experience where they were responsible to plan lesson plans with peers and teach the lessons. Question 2: What did the process look like designing the lessons?
The process on how the pre-service teachers approached the lesson plan writing and unit plan was flexible. Around one-half of the pre-service teachers used the approach "divide and conquer" where each preservice teacher working in a grade level took one or two lesson plans and wrote them individually. These groups would still meet to collaborate using their time to offer feedback and suggestions. The other half of the preservice teachers working in other grade levels used the collaboration approach too; however, they used it to write all of the unit lessons together, as a group. Each group found value in the flexibility of being able to choose what worked for them and the ability to collaborate with their peers.
Question 3: What strategies did you use to influence your lessons?
One major theme pre-service teachers used in their reflections centered around classroom management techniques like modeling, collaboration, group discussions, engagement, and setting clear expectations. Other pre-service teachers focused on pedagogical skills like activating prior knowledge, problem-solving, handson learning, scaffolding and connecting the material to the real world and to elementary students' interests. One pre-service teacher commented, "Collaboration, modification, accommodations, peer and professional feedback, reflection, trial and error, ability groupings, small group work, modeling, experiential learning, challenges, autonomous behavior development in teamwork and in allowing elementary students to create their own rules/expectations in how to treat the robot and one another." Question 4: What did you discover throughout the practicum?
The majority of the pre-service teachers responded with the "importance of reflection" and "being flexible" as one of the most important discoveries of this two-week practicum experience. The importance of being a reflective decision maker is a goal of the program. According to one pre-service teacher's journal entry, "I discovered there was always something I wanted to change after teaching a particular lesson. Once I saw the lesson in practice some of the parts of our lesson made sense and others did not seem to fit anymore." Question 5: Identify any new knowledge you will take from this practicum.
A prominent theme stemming from this journal entry was "failure can lead to success" and focusing on "growth mindset." These two particular themes are taught during pedagogy courses but were strengthened during the practicum experience. Students responded: "I discovered that second graders are MORE than capable of overcoming challenges. These elementary students surprised me with their growth mindset, and how most groups would not give up until they figured it out. I discovered that these elementary students NEED to be challenged, not only mentally, but the emotional aspect was much more powerful for me to see." and "My definition of success changed because of this practicum. I used to believe that success was only when they complete the activity correctly but now I see it as elementary students learning something from the activity and giving their best effort to problem solve. Elementary students need to learn how to struggle, especially students who may not be challenged as much in school." Question 6: What influence do you perceive this having in your future classroom?
Pre-service teachers frequently commented, "I will teach and incorporate STEM in my future classroom" multiple times in their journal responses and an increase in their confidence to teach combined standards, technology, and STEM concepts in their future classrooms. One student commented, "I think this will have a major impact on how I teach and reflect in my future classroom. This practicum gave me the courage to try new and exciting things with my elementary students and to have honest conversations with students about technology and being patient with new lessons or ideas." Another noted, "I think this will have a major impact on how I teach and reflect in my future classroom. This practicum gave me the courage to try new and exciting things with my elementary students and to have honest conversations with students about technology and being patient with new lessons or ideas." Yet another student stated, "I feel super prepared to use STEM in the classroom and feel comfortable using coding and robots.
Discussion
The primary goal of this study was to examine how pre-service teachers' perceptions of their effectiveness for teaching STEM change during a combined pedagogy course. Findings of this study provide valuable insight into an effective model for pre-service teachers to gain experience with STEM teaching using robotics. After a single semester, the pre-service teachers show significant positive changes in their self-efficacy and outcome expectancy with STEM teaching. The findings of this study are consistent with other research in content methods courses [49] , [50] , [51] . It was not surprising that pre-service teachers had not had experience with this type of planning or lesson implementation because this is not the overall design of our elementary program. Three themes directly related to our science and mathematics pedagogy combined courses were: STEM ideas, combining standards and increased comfort in working with technology. One student wrote, "I will do my best to combine standards to incorporate into a lesson as this STEM lesson did." In addition to math and science standards, many of the pre-service teachers integrated standards in literacy and social studies in these units. For example, to integrate literacy, the lesson required students to write a story and then coded the robot to act out a story. To integrate social studies standards, another lesson required students created a map and coded the robot to visit the locations on a map.
The findings of this study offer evidence that this type of planning with collaboration and feedback and a continuous teaching experience improves preservice teacher's confidence in their ability to teach STEM lessons. Many other themes related to pedagogical practices were identified through the analysis of journal writing, including the importance of such practices as guided instruction, modeling, being flexible, setting clear expectations, group work, and planning for diverse learners. The pre-service teachers' practical experience with classroom management, management of technology, and flexibility with learning groups may be attributed to the fact that several elementary students in the practicum classrooms received accommodations for special education services or services related to language learners. One pre-service teacher noted, "I will take this experience for its value in providing accommodations, chunking, pacing, and care for elementary students struggling with social, academic, and developmental areas. I will also take the belief that students are capable of rising to the challenge when they are adequately supported and engaged."
For teacher educators to successfully teach STEM that integrates robotics, it is essential to include time for preservice teachers to collaborate with peers as well as the actual implementation of the lessons with K-12 students. Although this research did not measure elementary students' learning during this research, the pre-service teachers did feel confident in the learning and engagement demonstrated by the elementary students during the STEM units. Many noted not only the growth in knowledge of the elementary students but also improved the ability to problem-solving and collaborate within the classes they taught.
Limitations
Several limitations were present in this study. First, the generalization of this study is limited due to the small number of participants. Two semesters of data was combined to increase the number of data points for the study. Each year, between 40-60 pre-service teachers are enrolled over two semesters in these courses. However, even with the relatively small sample size, the model for STEM integration with the combined courses does help address the need to prepare qualified STEM educators. Second, a variety of robotic devices based on the grade level were used. Some robots were easier to integrate math and science lessons based on the capability of the robot. Success or failure sometimes was impacted by the limitations of the available technology. Lastly, host teachers' experiences with STEM may or may not have had an impact on the pre-service teacher's experiences in the classroom. It is difficult to find school placements where the backgrounds and motivations of the in-service teachers match the goals of the program.
Future Recommendations
The initial results of this study have promising implications for increasing the confidence of preservice teachers in their ability to teach STEM. Many of the preservice teachers who participated in this study implemented similar STEM lessons during their final semester of student teaching experience. A pressing question that warrants further study is how this approach to teacher preparation impacts preservice teachers' teaching practices when they begin their career. A similar study done with secondary educators recommended that in-service teachers who are committed to STEM integration would be used to collaborate with pre-service teachers and programs. Practicing teachers could participate in professional development and serve as STEM integration experts. This would further facilitate the development of a community of integrated STEM teachers [52] . An additional recommendation for future research in the area of STEM integration would be to capture the impact on elementary students, and determining whether the interdisciplinary approach of addressing content standards with robotics has an impact on the motivation students to explore STEM careers.
